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SEISMIC WAVE SIMULATION APPARATUS 

This invention relates to seismic wave simulation 
apparatus more particularly but not exclusively for 
simulating earthquake phenomena occurring in soil and in a 
foundation embedded in the soil, which foundation may be 
for example, part of a building. 


Conventionally, simulation of a seismic wave or 
10 earthquake in a structure or building is done by means of a 
pseudo-dynamic test (reaction wall) or by the "shaking" 
table. In order to simulate seismic waves or earthquakes 
occurring in soil, explosives are used which tend to be 
inconvenient since the explosives do not generate waves of 
15 known energy content and shape and duration having 
characteristics of earthquakes. Thus, using such methods 
to simulate seismic waves or earthquakes does not allow 
wave propagation laws , and effects to be properly 
established through seismic wave simulation in soil or 
20 other structures • 


EP-A-7740 discloses an apparatus for performing 
dynamic tests on large structures which comprises an energy 
accumulator in the form of a loading cable for applying a 

25 force to a test piece, a hydraulic jack for tensioning the 
cable, a structure for anchoring the cable, a stopping and 
releasing device operable to secure the cable before a test 
and, after tensioning of the cable, to release the cable so 
that it propagates a wave to the test piece, a recoil 

30 shock-absorber and a device for limiting lateral 
oscillations of the cable. 


This apparatus is, however, not suitable for 
simulating seismic waves because the cable is only capable 
35 of generating a tension wave of constant amplitude which is 
not representative of a seismic wave because seismic waves 
have complex wave forms with a changing amplitude. 

It is an object of the present invention to provide 
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an apparatus which is capable of simulating complex seismic 
waves . 

According to the present invention there is provided 
5 a seismic wave simulation apparatus for generating a 
simulated seismic wave in a geological specimen, which 
comprises an elastic energy accumulator comprising a member 
arranged, in use, to act on the geological test specimen 
and supported to resist movement in a direction away from 

10 the specimen when the elastic energy accumulator is 
preloaded in said direction by actuator means, the 
arrangement being such that, in use, the preload force can 
be quelled suddenly, for example by triggering an explosive 
bolt, so that the member is released into impact or energy 

15 transfer with the geological specimen thereby transmitting 
a seismic wave to the geological specimen, characterised in 
that the elastic energy accumulator member has a number of 
sections of different diameters. 

20 By providing the energy accumulator member with 

sections of different diameters the member is so shaped as 
to simulate a seismic wave of known characteristics in 
order that wave propagation laws and effects can be 
properly established . 

25 .M 

Preferably the elastic energy accumulator member has 
a number of co-axial cylindrical sections of different 
diameters of which the section at the end of the member 
remote from the actuator means constitutes an impactor 

30 which, in use, is held adjacent the geological specimen 
under test so as to impact the specimen on release of the 
member , 

In one embodiment of the present invention, the 
35 elastic energy accumulator includes seven cylindrical 
sections of different diameter. Preferably, one of those 
sections nearest the actuator means has the smallest 
diameter of the sections and, where an explosive bolt is 
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provided as aforementioned, to release the impact energy 
said explosive bolt is, preferably, provided in this 
section and preferably is disposed diametrically of said 
section. Said smallest diameter section may adjoin a large 
5 diameter section which is connected to two further sections 
stepped down in diameter and connected in turn to a smaller 
diameter section which is larger than said smallest section 
adjacent the actuator means. This smaller diameter section 
may be connected to two larger sections which are stepped 
10 up in diameter, the last of these sections constituting the 
impactor to be located adjacent to the geological specimen 
in use. The length of the elastic energy accumulator 
( comprised of said seven sections ) and the actuator means 
may be in the order of 500 metres . 

15 

The accumulator member may be supported to resist 
movement in a direction away from the geological specimen 
under test by said last-mentioned section. A blocking 
system or fixed support may be provided at the rear of said 
20 last-mentioned section surrounding the penultimate section, 
thereby resisting or preventing movement of the accumulator 
member in said direction on the application of the preload 
force . 

25 Usually, the apparatus will include transducers 

arranged to measure, in use, the mechanical behaviour 
across .the section of the geological specimen through which 
a seismic wave is being transmitted. 

30 Preferably, the transducers are in the form of bars 

or elongate members arranged in a direction parallel to the 
direction of propagation of the seismic wave. Seismic 
sensors may also be included extending at an angle or 
transversely of the direction of propagation of the wave. 

35 

Preferably, in order to obtain measurements regarding 
local displacements of the soil' in the geological specimen. 
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said apparatus may include a thin metallic or conductive 
sheet to be fixed to the surface of the geological specimen 
(for example by cement) and connected to measuring 
instrumentation such as a Wheatstone bridge, for example, 
5 in order to obtain superficial strain measurement. In 
carrying out the test a building foundation or the like may 
be embedded in the geological specimen in order to 
investigate the interaction between the soil and foundation 
on the application of a simulated seismic wave. 

10 

The measuring instrumentation inay include 
accelerometers . 

Further according to the present invention there is 

15 provided a method of inducing or generating a simulated 
seismic wave in a test specimen, for example a geological 
specimen, said method including providing an elastic energy 
accumulator comprising a member which is arranged to act on 
the specimen so as to deliver a seismic wave to the 

20 specimen, supporting the elastic energy accumulator to 
resist movement in a direction away from the specimen and 
preloading the elastic energy accumulator in said 
direction, suddenly quelling the preload force, for example 
by triggering an explosive bolt in the elastic energy 

25 accumulator, thereby releasing the elastid energy 
accumulator into impact or energy transfer with said 
specimen thereby transmitting a simulated seismic wave to 
the specimen, collecting data from the specimen and 
analysing said data, characterised in that the energy 

30 accumulator member is so shaped by providing it with a 
number of sections of different diameters that it delivers 
a seismic wave of known amplitude and duration. 

Further advantageous apparatus and method features of 
35 the present invention will be evident from the following 
description and drawings. 

An embodiment of seismic wave simulation apparatus 
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for genera-ting a seismic wave in a geological specimen will 
now be described, by way of example only, with reference to 
the accompanying simplified diagrammatic drawings in which: 

5 FIGURE 1 shows the seismic wave simulation apparatus 

adjacent a geological specimen having the foundation of a 
building embedded therein; 

FIGURE 2 shows a simple cylindrical bar pre-loaded to 
10 yield a virtually rectangular stress wave, and 

FIGURE 3 shows cylindrical bars of two different 
sections arranged to yield a different stress wave pattern. 

15 FIGURE 1 of the drawings shows schematically seismic 

wave simulation apparatus 1 positioned to the left of a 
geological specimen 2 in which is embedded the foundation 3 
of a building (not shown),. The seismic wave simulation 
apparatus has an elastic energy accumulator 4 comprising an 

20 impactor member which can be preloaded in tension in a 
direction away from the geological specimen 2 (i.e. in a 
direction reverse to arrow A) by means of a hydraulic 
actuator 5 - The apparatus 1 includes a blocking or support 
system which effectively fixes the right hand end of the 

25 
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elastic energy accximulator 4 whilst: said accumulator is 
preloaded in tension. 

The elastic energy accumulator is specially shaped to 
simulate a seismic wave of known characteristics, such as 
the wave shown in the top left hand comer of FIGURE 1 in 
order that wave propagation laws and effects throughout the 
geological specimen 2 and foundation 3 can be properly 
established." • ' . 


It is to be noted that the energy accumulator in the 
present instance includes seven sections 4a to 4g of 
varying diameter and the geometry of this energy 
accumulator may be modified in order to obtain different 
15 wave shapes of known characteristics. 

FIGURE 1 shows only one such configuration where 
reflections can provide many wave shapes of different 
amplitude in tension and in compression. Section 4a of the 
20 energy accumulator 4 has the narrowest diameter and an 
explosive bolt 6 extends diametrically of the section. 

It is to be understood that once the energy 
accumulator has been preloaded by the hydraulic actuator 
25 this energy can be released and transmitted as a seismic 
wave through the geological specimen 2 when the bolt 6 is 
exploded. In order to create wave propagation the energy 
stored in the energy accumulator 4 should be released 
suddenly. The explosive bolt 6 is the weak part of the 
energy accumulator and when this part is broken the energy 
is released. Usually, explosive will be inserted inside 
the bolt which allows said bolt to rupture in a very brief 
time in order to obtain a stress wave with a short rise 
time. 


The right hand end section 4g of the energy 
accumulator has a rear face 4g' which engages the front 
face 7' of the blocking or support system 7 when the 
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hydraulic acrua-cor 5 places the energy acciunulator 4 xinder 
preload conditions , in a manner which should be evident 
from the drawings. 

The manner in which the geometry of the energy 
accumulator 4 may be modified in order to obtain particular 
^^^f ^^^P^^ .^^ explained below. The duration of the wave 
is a fxinctioh of l:he length of the energy accumulator and 
the amplitude can be determined by modifying the acoustic 
impedance along the energy accumulator 4. 

Estimation of the stress wave values between two long bars 
with differenr acoustic impedance. 

It can be shown that the amplitude of the stress o in the 
case of stress wave propagation is a linear function of the 
particle velocity V: 

a = ^.C.V, (1) 
p is the density of the medium (bar) 
C is the wave velocity. 

This equation can be used to estimate the wave transmission 
and reflection through the interfaces of two bars in 
contact with,, a different acoustical impedance. In this 
case two conditions should be satisfied: 

The loads at the interface between the two bars are equal 
at each instant: 


A(o^ + a^) » A. (2) 

A is the cross sectional area of the bar at the interface. 

The particle velocities at the interface between the two 
bars are equal at each instant: 

Vi = * (3) 
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- By using equation (i) m equation (2) we obtain that: 

Al (/=lCiVi)-HAi(p3^CiVj.) . A2 (pjCiV^) (4) 
2 wltli equation 3 we obtain that: 


Vr (5j 

10 

; and 

Vt (6) 

^ By writing these equations for stresses we have: 
'*20 " ~ " 


2A1P2C2 


■ ^'l (8) 

^225 ^2x^2^2 -^-^iPl^i 


Zf a bar is preloaded with an acoustic impedance PiA^^C^ the 
stress wave generated is nearly rectangular (FIGURE 2). 
30 This application could be the starting point to understand 
toe basic behaviour of warve propagation in the soil and 
will peraiit the validatica of the calcul codes used to 
describe the earthquake phenomena. 

35 Two cylindrical bars with two different sections (as shown 
in FIGURE 3) and a longitudinal stress wave which 
propagates from one end of the left bar can now be 
considered. if the acoustic impedance plCiAi>p2A2C2 then 


• 
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we obtain a wave which decreases in function of time. 


The amplitude and the shape of the wave generated can be 
found knowing the impedance and also the length of the bars 
5 to obtain the transit time. Using the above formula in a 
numerical programme it is possible to know the shape of the 
wave which could be generated in function of the geometry 
of the energy accumulator. 

10 The geological specimen 2 may be a soil rocks 

specimen and, in order to measure the mechanical behaviour 
across the section of the geological specimen/ transducer 
bars 8 are provided in the specimen as shown in FIGURE 1 • 
The transducer bars 8 are instrumented with strain gauges 

15 and measurements taken in a generally known manner. 
Additionally, in order to obtain measurements ' regarding 
local displacements of the soil in the geological specimen 
2 an electrified metallic • thin sheet 9 is fixed firmly to 
the surface of the soil by a cement and connected up to a 

20 measuring instrumentation such as a Wheatstone bridge, in 
the case of resistance strain gauges, in order to obtain 
superficial strain measurement. 

Thus, in the present instance, a simulated seismic 
25 wave can be transmitted through the geological . specimen 2 
and through a building foundation 3, so interaction between 
the soil and the foundation can be studied and evaluated. 

Any other measuring instrumentation may be provided 
30 such as the accelerometers 10 and embedded seismic sensor 
bar 11. 

It is believed the seismic wave simulation apparatus 
1 can be used to provide a deterministic approach to 
35 monitoring and predicting: 


(a) earthquakes, 

(b) large ground displacements of natural and artificial 
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origin; 


(c) explosion effects of mining work and large civil 
engineering works, 

(d) volcanic activity, 

5 (e) the dynamic interaction between soil and structures. 


between soil and foundations to be studied. The apparatus 
15 should allow precise measures ,of attenuation laws for 

acceleration, magnitude as a function of distance etc, 

since initial energy into the soil is well known and the 

measurement is performed without modification of the wave. 

Propagation laws and explosive waves for the optimisation 
20 of mining and large excavation works could be tested and a 

large displacement could be reached (up to 5 metres) for an 

ELEA of 500 meters. 


This approach is based on the stress wave release and 
^^Y? propagation measurements from or in fracturing rock 
specimens* 


10 



Advantageously, embodiments of the present invention 


25 


may provide: 


(1) 


A precision seismic load testing^ device of large 
geological specimens of homogeneous or composite 
nature reproducing a signif icantive sample of the 
earth crust in which propagation parameters (load, 
displacement, speed, accelerations) of 

seismic/explosive waves can be locally and globally 
measured. 


30 


(2) 


Accumulation of a large amount of potential energy 
released as a real seismic/explosive wave of well 
known shape, amplitude and duration by proper sizing 
of length and cross section of the ELEA allowing very 
large displacements without enormous complication of 
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(4) 
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inertial effects that would characterise, for 
example, a hydraulic machine. 
(3)- Bar transducers having a tuned mechanical impedance 
with the soil/rock specimen in order to capture 
without modification the seismic/explosive wave 
arising in the points of application. 

Bar transducers utilised as geotechnical transducers 
having the unique characteristic of the local 
contemporaneous direct measurement of loadi, 
displacement, speed and accelerations provoked by the 
seismic/explosive wave propagation because of their 
elasticity and length. .- - 

3 It is to be understood that the scope of the present 

€5 invention is not to be unduly ■ limited by a particular 

^ choice of terminology and that a specific term may be . 

J replaced by any equivalent or generic term. Further it is 

: to be understood that individual features, method or 

^ functions relating to the seismic wave simulation wave 

^20 apparatus might be individually patentably inventive. The 

J singular may include the plural and vice versa. 

U Additionally, any range mentioned herein for any variable 

^ or parameter shall be taken to include a disclosure of any 

3 derivable subrange within that range or any particular 

25 value of the variable or parameter range within, or at an 
end of, the range or subrange. 
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